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Abstract 



Complete constraint analysis and choice of gauge conditions consistent with 
equations of motion is done for non-abelian Chern-Simons field interacting with N- 
component complex scalar field. Dirac-Schwinger condition is satisfied by the reduced 
phase-space Hamiltonian density with respect to the Dirac bracket. 

PACS number(s): 0.350.Kk, ll.10.Ef 

In an earlier work H it was shown that for abelian Chern-Simons field interacting with 
complex scalar field, gauge conditions consistent with equations of motion can be chosen. 
It was shown that the choice of gauge conditions crucially determines the transformation 
properties in the reduced phase-space and invariance under Lorentz transformations, par- 
ticularly under boosts. Invariance under boosts cannot be demonstrated unless the gauge 
conditions are consistent with the equations of motion. 

In the present paper we summarize our results for a similar demonstration for the non- 
abelian Chern-Simons term. This system has been discussed by several authors || [§ but, 
as far as we know proper gauge conditions have not been chosen for this system. We show 
that in this case too gauge conditions can be chosen which are consistent with equations of 
motion, even though there is no closed form for the reduced phase-space Dirac brackets. 
The Dirac-Schwinger conditions are satisfied, at least formally. This ensures relativistic 
invariance. 

Lagrangian density for non-abelian Chern-Simons field coupled to N-component scalar 
field is of the form 



where $ is N-component scalar field which transforms according to fundamental repre- 
sentation of the Lie group SU(N).Here 
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and T a are the fundamental representation matrices. 

y&j ^ jabcrpc 

[T a ,T b } + = d abc T c + -^5 ab 

Ti(T a T b ) = ^5 ab 
Where d abc and f abc have ususal meaning 

Canonically conjugate momenta for $ and <E>t are called P and Pt where 

P a = *a+ig* f i t AXr$ a 

There are three sets primary constraints 
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of which the latter two are second class. 
Canonical Hamiltonian density is 



where 



+ g 2 ^Am a T b ai + £g 2 e« [A^A? + A"^] 
+ m 3 e ij A a A c l A b [if abc + d abc ] 
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f = ig [P a * fi - PH\TL 



jI = -ig - 4(ft<& a )]7£, 

Adding the primary constraints to the canonical Hamiltonian 

H p = J d 2 xU c + J d 2 x(v°<p + v l 4>i + v 2 4> 2 ) 
and using the basic Poisson's brackets 

r o = {U a (x,t),H p }^0 
gives a secondary constraint 0g, 



this can be made into a first class constraint by choosing 

i) a = dy<f>\ + d 2 <p a 2 +<f%KlO (10) 

Conservation in time of two second class constraints 0" and 02 determines v 1 and v 2 
which can be substituted back. 

To choose gauge conditions for the two first class constraints 0° ip we try V • A a = 0. 
This requires, for consistency with equations of motion that 



j t (S-A a ) = -^- 2 (d l32 a -d 2jl a )-V 2 A a 

-[d^T^A^) - d^T^Al^)} 
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+ ~[di(A e A\) - d 2 (A*A b 2 )]r ba 



should be equated to zero. Thus 
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There is no closed form solution, but it can be solved iteratively as a formal series [Q 
. The result is 

Xl = A a + ±[ d 2 yln\x - y\{d& - (ftjf) + ■ ■ ■ (11) 
In J 

Where 

An 

* = — 2 
Kg 2 

f x = 3 \ + ^T$ a T b ai A\% 

r 2 = f 2 + ^ a r b A^ 

Thus Xo ~ is the first gauge condition and x a = (V • A a ) rs is the second gauge 
condition. 

Using <p1 and 02 we can form Dirac brackets. Next we can do the same with ip a and 
X a and put them strongly equal to zero 
Therefore 

V x A a - ge li A\A)f ace + \f Q = (12) 
V • A a = (13) 

These can solved as 

A\ = -d 2 B a and A% = 

Therefore 

V 2 B a + 2g{d 2 B e ){d l B c )f aec + Xf w (14) 
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which can be solved for B a formally just as Aq was solved. 
Reduced phase-space Hamiltonian density is of the form 

Dirac-Schwinger equal time condition in reduced phase-space is 
{G 00 ^), G 00 ^)} = -d k S(x - y)[0 ofc (x) + Q°\y)} 

The transformation for fields can be done through the generators 

P k = J d 2 xQ 0k (16) 

M"" = J d 2 x[x»e 0u - ^0°^] (17) 

We therefore see that gauge conditions compatible with equations of motion can be 
chosen for non-abelian case also giving qualitatively similar results to the abelian case. 
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